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25 ABSTRACT

26 Objective: Until effective treatments and vaccines are made readily and widely available, 

27 preventative behavioral health measures will be central to the SARS-CoV-2 public health 

28 response. While current recommendations are grounded in general infectious disease prevention 

29 practices, it is still not entirely understood which particular behaviors or exposures meaningfully 

30 affect one’s own risk of incident SARS-CoV-2 infection. Our objective is to identify individual-

31 level factors associated with one’s personal risk for contracting SARS-CoV-2.

32 Design: Prospective cohort study of adult participants from March 26, 2020 to October 8, 2020.

33 Setting: The Covid-19 Citizen Science Study, an international, community and mobile-based 

34 study collecting daily, weekly, and monthly surveys in a prospective and time-updated manner.

35 Participants: All adult participants over the age of 18 years were eligible for enrollment.

36 Primary Outcome Measure: The primary outcome was incident SARS-CoV-2 infection 

37 confirmed via polymerase chain reaction or antigen testing.

38 Results: 28,575 unique participants contributed 2,479,149 participant-days of data across 99 

39 different countries. Of these participants without a history of SARS-CoV-2 infection at time of 

40 enrollment, 112 developed an incident infection. Pooled logistic regression models showed that 

41 increased age was associated with lower risk (OR 0.98 per year, 95% CI 0.97-1.00, p=0.019), 

42 whereas increased number of non-household contacts (OR 1.10 per 10 contacts, 95% CI 1.01-

43 1.20, p=0.024), attending events of at least 10 people (OR 1.26 per 10 events, 95% CI 1.07-1.50, 

44 p=0.007), and restaurant visits (OR 1.95 per 10 visits, 95% CI 1.42-2.68, p<0.001) were 

45 associated with significantly higher risk of incident SARS-CoV-2 infection.
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46 Conclusions: Our study identified 3 modifiable health behaviors, including the number of non-

47 household contacts, attending large gatherings, and restaurant visits that may meaningfully 

48 influence individual-level risk of contracting SARS-CoV-2.

49
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50 Strengths and limitations of this study

51  This large international cohort study with 2.4 million participant-days of data from 

52 participants in 99 different countries provides unprecedented geographical diversity for a 

53 study analyzing individual-level factors associated with SARS-CoV-2 risk.

54  All participants included in this study were free of SARS-CoV-2 infection early in the 

55 pandemic, allowing for the real-time ascertainment of significant individual-level 

56 behaviors and exposures related to higher risk of incident infection.

57  Using polymerase chain reaction or antigen testing as the gold standard for SARS-CoV-2 

58 infections relied on a participant’s development of symptoms, index of suspicion, and 

59 access to testing facilities, but ensured our study identified risk factors associated with 

60 true infection and increased specificity over traditional methods of symptom reporting.

61
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62 INTRODUCTION

63 The novel coronavirus (SARS-CoV-2) global pandemic has created a major public health 

64 crisis for nearly every country and community in the world. Responses to mitigate transmission 

65 have varied by government, but have generally been grounded in known respiratory virus disease 

66 prevention practices. Current strategies have included a combination of social distancing, 

67 limitations to travel and public gatherings, increased handwashing practices, and the use of face 

68 masks. While these interventions are believed to reduce human-to-human transmission, efforts to 

69 study these interventions have been limited as they rely on individual-level behaviors that are 

70 dynamic with policy changes and can be difficult to capture at scale. Furthermore, the 

71 politicization of social distancing recommendations1–3 makes it difficult to fully understand 

72 levels of compliance at the individual-level, and calls for a larger evidence base for 

73 recommendations like hand washing, face mask wearing, and limiting human contact, large 

74 social gatherings, and visits to restaurants. Identifying predictors of infection requires a 

75 longitudinal cohort study. The information gleaned from the longitudinal characterization of 

76 SARS-CoV-2 infection risk factors may be crucial to understanding which strategies are most 

77 effective and can further inform public policy. Moreover, such data may help elucidate the 

78 individual behaviors directly under one’s control to influence one’s personal risk of contracting 

79 SARS-CoV-2.

80 While previous prospective studies have focused primarily on symptom detection and the 

81 constellation of symptoms associated with SARS-CoV-2 infection,4–7 mobile technology 

82 provides an opportunity to study the effects of various exposures and behaviors that can be 

83 ascertained prospectively, repeatedly, and in nearly real-time. The majority of previous research 

84 regarding SARS-CoV-2 has focused on hospitalized individuals, primarily those who already 
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85 have the disease, and predictors of disease severity as opposed to those pertinent to developing 

86 infection. This is not surprising as accumulating sufficient numbers to characterize non-infected 

87 individuals at baseline and then follow them over time is generally time-consuming and would 

88 require enrollment of particularly large numbers to derive useful results. While systematic 

89 reviews and meta-analyses of previous studies have investigated the efficacy of behavioral 

90 interventions,8,9 we are not aware of a longitudinal cohort study in which risk factors have been 

91 characterized in detail prior to infection and exposures and behaviors tracked as individuals 

92 contracted (or did not contract) SARS-CoV-2 in the community.

93 Given the widespread use of smartphones and associated mobile apps, the technology is 

94 now available to regularly query large populations to assess patterns in SARS-CoV-2 infection 

95 rates based on individual-level exposures and behaviors. We have previously demonstrated the 

96 utility of this technology in characterizing ambulatory cardiovascular risk factors.10–14 In this 

97 study, we sought to use prospectively-collected information from the Covid-19 Citizen Science 

98 Study to identify individual characteristics, exposures, or behaviors associated with an increased 

99 risk of contracting SARS-CoV-2.

100

101 METHODS

102 Study Design

103 The Covid-19 Citizen Science Study is a mobile application that enables the longitudinal 

104 and time-updated collection of health survey and location data from thousands of global 

105 participants. The application was developed by a team of investigators at the University of 

106 California, San Francisco (UCSF) using the Eureka Digital Research Platform. Enrollment began 

107 March 26, 2020 and is ongoing (https://covid19.eurekaplatform.org/). The current analysis 
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108 included participant information collected until October 8, 2020. Enrollment is available to all 

109 adults over the age of 18 years and has been facilitated by press releases, social media, and word-

110 of-mouth. 

111

112 Ethics Approval

113 Informed electronic consent was obtained remotely using the mobile application at time 

114 of study enrollment. The study was approved by the University of California, San Francisco 

115 Institutional Review Board (#17-21879).

116

117 Data Collection

118 Surveys collected information about demographics, medical comorbidities, SARS-CoV-2 

119 infection status, daily behaviors, environmental or social exposures, and symptoms. Surveys 

120 were written in lay language and met the Flesch-Kincaid criteria for 8th grade reading level 

121 (https://readabilityformulas.com). Participants received a baseline survey at time of enrollment 

122 ascertaining general demographic information such as age, race/ethnicity, sex, education level, 

123 MacArthur subjective social status, occupation, the presence of children or pets at home, and 

124 preexisting medical comorbidities. After completing the baseline survey, participants then 

125 received: daily surveys that inquired about current symptoms, household contacts, and non-

126 household contacts; weekly surveys that assessed changes to individual-level behaviors such as 

127 sleep, exercise, smoking patterns, social distancing efforts, hand hygiene, and use of face masks 

128 while out in public; and monthly surveys that collected information regarding employment, 

129 mood, and alcohol consumption.
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130 The MacArthur subjective social status ladder was used as a previously validated single-

131 item question to capture socioeconomic status of study participants, with higher point ratings 

132 indicating higher subjective social status.15,16 Occupation was dichotomized based on working in 

133 healthcare or not. Exercise was defined as self-reported physical activity lasting for at least 20 

134 minutes and resulted in heavy breathing or “break[ing] a sweat,” and was categorized into 

135 never/rarely, <1 time/month, <1 time/week, approximately weekly, 2-4 days/week, and >4 

136 days/week. Alcohol use was categorized into none, >0 to 7 standard drinks per week, >7 to 14 

137 standard drinks per week, and >14 standard drinks per week. Smoking activity was differentiated 

138 by use of cigarettes, e-cigarettes, or marijuana, and then dichotomized by any use in the last 30 

139 days or not. Daily contacts were defined as any non-household individual with which the 

140 participant was within 6 feet of during the course of the day.

141 Participants were queried regarding polymerase chain reaction (PCR) or antigen testing at 

142 baseline and during the weekly survey. Using triggered logic, related questions distinguished 

143 between evidence of active infection with the PCR test from other tests, such as antibody tests 

144 (the latter were not considered sufficient to constitute incident infection). All participants who 

145 reported a positive PCR or antibody test for SARS-CoV-2 prior to enrolling in the study were 

146 excluded from this analysis. Self-reported positive PCR tests for SARS-CoV-2 were validated by 

147 contacting a sample of participants and obtaining documentation of test results (Supplementary 

148 Appendix).

149

150 Patient and Public Involvement

151 The Covid-19 Citizen Science Study, which remains open to any interested adult with a 

152 smartphone, was designed to answer questions most relevant to patients and the lay public, with 
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153 an emphasis on identifying clinically relevant behaviors and exposures that can be modified or 

154 influenced by any individual. The study was launched using the NIH-supported Eureka Digital 

155 Research Platform, which was heavily influenced by prior work designing and implementing the 

156 Health eHeart Study17—from the beginning, these studies have included patients as key 

157 stakeholders, such as the Patient Centered Outcome Research Institute-supported Health eHeart 

158 Alliance,18 to assure that the user experience was relatable and understandable to interested 

159 participants around the world. Modifications of questions and the basic content of some research 

160 questions was derived from participant feedback received ad hoc and as a result of campaigns to 

161 solicit novel research questions from participants for incorporation into the study.  All 

162 participants in the Covid-19 Citizen Science Study are encouraged to help with recruitment, with 

163 regular reminders via text messages, push notifications and newsletters to share the link and/ or 

164 “text back” with friends and family members. Results are disseminated back to Covid-19 Citizen 

165 Scientists in the form of data visualizations and text shared via newsletters, the study website, 

166 and links sent via text message or app-based push notification.  

167

168 Statistical Analyses

169 Baseline continuous variables are presented using means and standard deviations (SD) or 

170 medians and interquartile ranges (IQR), while categorical variables are presented as frequencies 

171 (percentages), and compared between participants who reported incident infection and those 

172 remaining infection-free using t-tests for continuous variables and chi-squared tests for 

173 categorical variables. Pooled logistic regression models for repeated SARS-CoV-2 test results 

174 self-reported on the weekly surveys were used to identify factors, obtained from the baseline and 

175 earlier weekly and daily surveys, associated with incident infection. We considered 
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176 demographics; preexisting medical conditions; behavioral contributors such as mask wearing, 

177 hand hygiene, and social distancing efforts; and individual exposures such as number of non-

178 household contacts, large gatherings, and visits to gyms, restaurants, and movie theaters. 

179 Exposures from earlier weekly and daily surveys were averaged over measurements obtained 4-

180 21 days prior to the weekly survey providing the SARS-CoV-2 test result. All variables 

181 associated with SARS-CoV-2 infection with p-values <0.1 in the pooled logistic regression 

182 models adjusting for only a 3-knot restricted cubic spline in calendar date were included in a 

183 fully adjusted pooled logistic regression model. In a sensitivity analysis, backward deletion was 

184 used to select a more parsimonious pooled logistic regression model retaining covariates with p-

185 values <0.05. These models all used robust standard errors to account for clustering of the 

186 repeated weekly SARS-CoV-2 test results by participant. Additionally, recognizing the 

187 importance of geographic location, sensitivity analyses restricted to US participants were 

188 performed accounting for clustering by county-based Federal Information Processing System 

189 (FIPS) and zip codes. All analyses used complete case data. Two-tailed p-values <0.05 were 

190 considered statistically significant. All statistical analyses were performed using Stata, version 

191 16 (College Station, TX).

192

193 RESULTS

194 After excluding 628 participants with prevalent SARS-CoV-2 infection, 28,575 

195 individuals without a history of SARS-CoV-2 infection at baseline contributed 2,479,149 

196 participant-days of data to the Covid-19 Citizen Science Study across 99 different countries, 

197 including all 50 states in the United States (Figure 1). Of these participants, 112 (0.4%) 

198 developed a SARS-CoV-2 infection during the study period. Differences in participant 
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199 demographics, baseline comorbidities, behaviors and exposures between participants who 

200 became infected during the study period versus those that did not are displayed in Table 1.

201 After adjusting only for age, sex, race/ethnicity, and calendar date: older age, higher 

202 education level, higher subjective social status, and increased alcohol use were associated with 

203 lower risk, while working in healthcare, a history of human immunodeficiency virus (HIV), e-

204 cigarette use, less exercise frequency, increased number of recent contacts, attending gatherings 

205 with at least 10 people, and visiting movie theaters and restaurants were each associated with a 

206 higher risk of incident SARS-CoV-2 infection (Table 2). Importantly, pertinent factors that 

207 failed to exhibit statistically significant relationships included common medical comorbidities 

208 like hypertension, diabetes, coronary artery disease, congestive heart failure, atrial fibrillation, 

209 asthma, or chronic obstructive pulmonary disease, as well as hand washing practices and mask 

210 wearing frequency. Pooled logistic regression models that incorporated all eligible predictors 

211 showed that increased age was associated with lower risk of developing a SARS-CoV-2 

212 infection, whereas increased number of contacts, attending events of at least 10 people, and visits 

213 to restaurants were associated with significantly higher risk of later testing positive for SARS-

214 CoV-2 (Figure 2). Backward stepwise deletion did not change any of the statically significant 

215 relationships (Supplementary Table 1). Similarly, the sensitivity analysis using county-based 

216 FIPS and zip codes as random effects in US-based data did not meaningfully change the results 

217 (Supplementary Tables 2 and 3).

218

219 DISCUSSION

220 Among an international cohort free of SARS-CoV-2 at baseline and tracked 

221 longitudinally, prospectively, and in a time-updated manner, increased number of daily non-
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222 household contacts within 6 feet, events of 10 or more individuals, and restaurant visits each 

223 independently predicted a higher risk of developing a SARS-CoV-2. Increased age was 

224 associated with a lower risk of subsequently developing a SARS-CoV-2 infection.

225 As of March 22, 2021, there were over 123 million confirmed cases of SARS-CoV-2 and 

226 over 2.7 million SARS-CoV-2-related deaths worldwide.19 The pandemic has been exacerbated 

227 by a recent resurgence of a “second wave” of SARS-CoV-2 cases and confirmation of new 

228 strains with potentially increased transmissibility. The pandemic has spurred international efforts 

229 to improve testing capabilities,20 identify therapies to treat the novel coronavirus,21 and develop 

230 vaccines designed to prevent it.22,23 Even as vaccines from biopharmaceutical companies like 

231 Pfizer and Moderna are being delivered, distribution to members of the public has been slow in 

232 nearly every country and community, with only countries like Israel, the United Arab Emirates, 

233 Chile, and the United Kingdom managing to administer at least 40 vaccine doses per 100 

234 people.24 Until and if production, distribution, administration, and acceptability of approved 

235 vaccines can satisfy the overwhelming need throughout the international community, the 

236 identification of preventative health behaviors under an individual’s control is crucial to the 

237 SARS-CoV-2 public health response.

238 The Covid-19 Citizen Science Study launched on March 26, 2020 and has been ongoing 

239 while recommendations to limit disease transmission continue to evolve at variable rates across 

240 the globe. The study has been prospectively collecting data through the initial shelter-in-place 

241 recommendations in early 2020 and continues to capture changes in behavioral health patterns as 

242 the second spike of SARS-CoV-2 infections surmounts. Our study demonstrated an increased 

243 association of SARS-CoV-2 infection in individuals who reported higher numbers of recent 

244 contacts. In a similar vein, increased attendance of events of 10 or more people and restaurant 
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245 visits were associated with increased odds for developing SARS-CoV-2. Given our general 

246 understanding of disease transmission for respiratory viruses and recent research characterizing 

247 the asymptomatic transmission of SARS-CoV-2,25,26 these findings are bolstered by biologic 

248 plausibility. They add to previous research supporting the use of government mandated physical 

249 distancing policies to reduce SARS-CoV-2 incidence27,28 and demonstrate that behaviors to 

250 minimize human-to-human interaction could be effective means to lower one’s individual risk of 

251 contracting SARS-CoV-2. To our knowledge, this is the first longitudinal cohort to determine 

252 that such behaviors among individuals prior to infection actually influence risk. 

253 While the lower risk among older individuals may at first glance appear counter-intuitive, 

254 this may be consistent with similar protective behaviors and compliance with social distancing 

255 behaviors, especially given data reporting disproportionately higher rates of hospitalization and 

256 death in older populations infected with SARS-CoV-2.29,30 If such phenomena were operative, 

257 the fact that we were unable to detect differences in such behaviors (such as significant 

258 relationships between hand hygiene or mask-wearing) may be due to collinearity with age and/or 

259 suboptimal ascertainment of the actual protective approaches utilized by older individuals. Also 

260 contrary to most reports, medical comorbidities thought to increase one’s risk of morbidity and 

261 mortality from SARS-CoV-231,32 such as hypertension, diabetes, congestive heart failure, chronic 

262 obstructive pulmonary disease, cancer, and history of prior myocardial infarctions were not 

263 retained predictors in our multivariate models, suggesting that prior comorbidities may affect 

264 one’s response to SARS-CoV-2, but may not play a large role in an individual’s risk of 

265 contracting SARS-CoV-2.

266 While previous studies have observed benefits in universal masking at the community 

267 level,33,34 our study did not reveal a clear association between an individual’s mask wearing 
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268 behavior and their risk for SARS-CoV-2 infection. Similarly, self-reported frequency of 

269 handwashing did not seem to consistently correlate with SARS-CoV-2 incidence as well. Simple 

270 frequencies of mask wearing and hand washing behaviors may be too confounded or measured 

271 too imprecisely to observe a consistent trend in our data. These negative results should be 

272 interpreted cautiously in the context of the study design and insufficient power may render 

273 negative results (or lack of associations) less informative than the statistically significant 

274 relationships (positive results) that have been observed thus far (even if in the absence of a 

275 longitudinal cohort with time-updated assessments as described here).

276 Our study has a number of important limitations to note. While focusing on individual-

277 level behaviors mitigated issues involving compliance compared to studies examining state or 

278 country-level government mandates, self-report is still a subjective process and still prone to bias 

279 based on differing definitions of qualitative words (i.e. “sometimes” versus “most times”). 

280 However, health survey data were ascertained prospectively and time-updated daily and weekly 

281 to minimize recall bias, and self-report remains likely the most effective method to ascertain 

282 individual-level behaviors. As the study required smartphone ownership and use, it is possible 

283 that the Covid-19 Citizen Science Study participants represent a more affluent and more 

284 technologically savvy population compared to the general population. Though this would limit 

285 generalizability instead of internal validity, our diverse recruitment methods were meant to 

286 mitigate risks of sampling bias. The distribution of study participants throughout nearly 100 

287 different countries and every state in the US provides fairly unprecedented geographical diversity 

288 for a study that also ascertains participant-reported behaviors. There are an innumerable number 

289 of behaviors that could have been asked on surveys; we limited our questioning to behaviors 

290 previously identified by national and international health organizations and/or those with some 
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291 biological plausibility as effective means of prevention, such as social distancing, handwashing, 

292 and the use of face masks. While PCR testing for SARS-CoV-2 relies on a participant’s 

293 development of symptoms, index of suspicion, and available access to a testing facility, all 

294 factors that may have led to underreporting of all SARS-CoV-2 infections in the study 

295 population, the use of these tests to identify SARS-CoV-2 infections ensured that our analyses 

296 identified risk factors associated with true infection and increased specificity over traditional 

297 methods of symptom reporting. Finally, all data in the Covid-19 Citizen Science Study were 

298 collected prospectively as an observational study. While this allows for diverse and rapid 

299 sampling of a large population to inform global efforts combating the SARS-CoV-2 pandemic, it 

300 remains prone to residual and unmeasured confounding.

301 In conclusion, the Covid-19 Citizen Science Study, in its prospective and time-updated 

302 collection of health data, has identified readily modifiable behaviors that may increase one’s 

303 individual risk for contracting SARS-CoV-2. Increased number of contacts within 6 feet, events 

304 of 10 or more people, and visits to restaurants each independently predicted higher risk of 

305 contracting SARS-CoV-2 during the pandemic, while one’s demographics, prior medical 

306 comorbidities, and adherence to hand washing and face mask wearing were not significant 

307 predictors for SARS-CoV-2. During a resurgence of SARS-CoV-2 and continued strain on local 

308 governments to balance transmission risk with restrictions on daily life, our study provides 

309 community leaders and members of the public with at least 3 modifiable health behaviors within 

310 an individual’s control that may lower one’s personal risk of contracting SARS-CoV-2 during 

311 this pandemic.

312

313
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433 FIGURE LEGENDS

434

435 Figure 1. Location of all study participants. The blue shading represents the number of 

436 participant-days by county within the US and by nation in the world. The red shading illustrates 

437 all participants infected by SARS-CoV-2 during the study period.

438

439 Figure 2. Forest plot of all eligible predictors in pooled logistic regression models. Higher scores 

440 in the MacArthur Subjective Social Status reflect participants with self-reported higher 

441 socioeconomic standing. Large gatherings defined as any gatherings in which 10 or more people 

442 were present. The reference group for predictors marked with an asterisk (*) were compared to 

443 non-Hispanic whites.

444
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Participants with 
Incident SARS-CoV-
2 (n=112)

Participants without 
Incident SARS-CoV-2 
(n=28,463)

p-value

Age, median (IQR) 46.0 (37.0-55.5) 44.0 (36.0-55.0) 0.84
Age Category, n (%)
   18-29
   30-39
   40-49
   50-59
   60+

12 (10.7)
26 (23.2)
31 (27.7)
27 (24.1)
16 (14.3)

2,594 (9.2)
7,832 (27.7)
7,121 (25.2)
6,041 (21.3)
4,711 (16.6)

0.71

Female Biological Sex, n (%) 71 (65.1) 18,908 (67.7) 0.79
Race/Ethnicity, n (%)
   White
   Black
   Hispanic (any race)
   Asian or Pacific Islander
   Other (including
multiracial)

94 (86.2)
2 (1.8)
9 (8.3)
1 (0.9)
3 (2.8)

23,814 (85.2)
229 (0.8)
1,902 (6.8)
1,384 (5.0)
618 (2.2)

0.25

Highest Level of Education, 
median, n (%)
   Less than high school
   High school graduate
   Some college
   College graduate
   Post-graduate
   Other

1 (0.9)
8 (7.3)
24 (22.0)
40 (36.7)
33 (30.3)
3 (2.8)

101 (0.4
882 (3.2)
4,091 (14.7)
9,891 (35.4)
12,690 (45.5)
247 (0.9)

<0.001

MacArthur Subjective Social 
Status Ladder, mean (SD)

6.6 (1.5) 6.9 (1.6) 0.054

Working in healthcare, n (%) 31 (27.7) 5719 (20.1) 0.046
Medical Comorbidities, n (%)
   Atrial fibrillation
   Anemia
   Asthma
   Coronary artery disease
   Cancer
   Congestive heart failure
   COPD
   Diabetes
   Hypertension
   HIV
   Other immunodeficiency
   History of heart attack
   Sleep apnea
   History of stroke

2 (1.8)
8 (7.2)
9 (8.0)
2 (1.8)
5 (4.5)
1 (0.9)
2 (1.8)
8 (7.1)
31 (27.7)
3 (2.7)
4 (3.6)
2 (1.8)
13 (11.7)
2 (1.8)

835 (3.0)
2,957 (10.5)
2,815 (9.9)
693 (2.4)
908 (3.2)
174 (0.6)
444 (1.6)
1,163 (4.1)
5,675 (20.1)
108 (0.4)
542 (1.9)
283 (1.0)
3,019 (10.8)
355 (1.3)

0.47
0.26
0.50
0.65
0.45
0.71
0.84
0.11
0.045
<0.001
0.21
0.40
0.75
0.60

Alcohol use
   None 26 (24.8) 6,541 (25.7)

0.10
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   >0 to 7 drinks per week
   >7 to 14 drinks per week
   >14 drinks per week

60 (57.1)
18 (17.1)
1 (1.0)

13,362 (52.6)
3,764 (14.8)
1,743 (6.9)

Smoking
   Cigarette use in last 30 days
   E-cigarette use in last 30 days
   Marijuana use in last 30 days

8 (7.2)
5 (4.5)
10 (9.0)

1,421 (5.0)
723 (2.6)
2,650 (9.5)

0.29
0.19
0.87

Sleep duration, median (IQR) 7.0 (6.0-8.0) 7.0 (6.0-8.0)
Living with children at home, 
n (%)

34 (30.4) 8,926 (31.6) 0.78

Living with pets at home, n 
(%)

73 (65.8) 18,442 (64.9) 0.86

Use of face masks, n (%)
   “Never”
   “Sometimes”
   “Most times”
   “Always”

10 (9.3)
17 (15.7)
75 (69.4)
6 (5.6)

1,650 (6.0)
3,359 (12.2)
20,591 (74.8)
1,910 (6.9)

0.29

Handwashing frequency, n 
(%)
   <1 time/day
   ~1 time/day
   2-4 times/day
   5-10 times/day
   >10 times/day

0 (0)
1 (0.9)
16 (14.3)
47 (42.0)
48 (42.9)

55 (0.2)
341 (1.2)
4,699 (16.5)
13,866 (48.7)
9,502 (33.4)

0.32

Exercise frequency, n (%)
   Never/Rarely
   <1 time/month
   <1 time/week
   ~weekly
   2-4 days/week
   >4 days/week

5 (4.5)
16 (14.3)
23 (20.5)
12 (10.7)
30 (26.8)
23 (20.5)

1,591 (5.6)
2,369 (8.3)
3,678 (12.9)
3,668 (12.9)
8,956 (31.5)
8,107 (28.5)

<0.001

Number of contacts in the past 
24 hours, mean (SD)

3.8 (6.2) 3.1 (7.3) 0.36

Number of events with 10 or 
more people in the past week, 
mean (SD)

3.8 (14.0) 1.9 (9.8) 0.035

Number of gym visits in the 
past week, mean (SD)

0.4 (3.4) 0.9 (6.6) 0.50

Number of visits to movie 
theaters in the past week, 
mean (SD)

0.1 (0.9) 0.1 (1.6) 0.81

Number of visits to restaurants 
in the past week, mean (SD)

3.4 (9.3) 2.2 (7.7) 0.095

445 Table 1. Demographics, comorbidities, and behavioral risk factors of participants in the Covid-
446 19 Citizen Science Study assessed at time of enrollment, divided by participants who later tested 
447 positive for Covid-19 during the study period and participants who did not. COPD=chronic 
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448 obstructive pulmonary disease, HIV=human immunodeficiency virus, IQR=interquartile range, 
449 SD=standard deviation.
450
451
452

Odds 
Ratio

95% CI p-value Group p-
value

Age (years) 0.98 0.96, 0.99 <0.001
Female Biological Sex 0.94 0.63, 1.39 0.76
Race/Ethnicity
   White
   Black
   Hispanic (any race)
   Asian or Pacific Islander
   Other (including
multiracial)

reference
2.04
1.20
0.18
1.22

0.50, 8.27
0.61, 2.39
0.02, 1.26
0.39, 3.85

0.32
0.59
0.08
0.73

0.35*
0.24†

Highest Level of Education
   Less than high school
   High school graduate
   Some college
   College graduate
   Post-graduate
   Other

reference
0.91
0.51
0.34
0.20
1.02

0.11, 7.44
0.07, 3.87
0.05, 2.56
0.03, 1.51
0.10, 10.02

0.93
0.52
0.30
0.12
0.99

<0.001*
<0.001†
0.42#

MacArthur Subjective Social 
Status Ladder (per point on 
scale) 

0.87 0.79, 0.96 0.004

Working in healthcare 1.66 1.09, 2.50 0.017
Medical Comorbidities
   Atrial fibrillation
   Anemia
   Asthma
   Coronary artery disease
   Cancer
   Congestive heart failure
   COPD
   Diabetes
   Hypertension
   HIV
   Other immunodeficiency
   History of heart attack
   Sleep apnea
   History of stroke

0.38
0.65
0.78
0.46
0.96
0.99
0.84
1.37
1.13
5.31
1.57
1.16
0.91
1.00

0.09, 1.55
0.32, 1.34
0.40, 1.55
0.11, 1.89
0.39, 2.34
0.14, 7.09
0.21, 3.44
0.67, 2.83
0.75, 1.71
1.65, 17.12
0.58, 4.25
0.28, 4.73
0.51, 1.62
0.25, 4.08

0.18
0.24
0.48
0.28
0.92
0.99
0.81
0.39
0.56
0.005
0.37
0.84
0.74
1.00

Alcohol use
   None
   >0 to 7 drinks per week
   >7 to 14 drinks per week

reference
0.95
1.01

0.60, 1.51
0.55, 1.84

0.83
0.97

0.25*
0.13†
0.047#
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26

   >14 drinks per week 0.13 0.02, 0.95 0.044
Smoking
   Cigarette use in last 30 days
   E-cigarette use in last 30 days
   Marijuana use in last 30 days

1.91
2.98
1.03

0.94, 3.88
1.64, 5.41
0.56, 1.84

0.07
<0.001
0.93

Mean sleep duration (per hour 
of sleep)

1.13 0.86, 1.49 0.37

Living with children at home 1.23 0.89, 1.71 0.21
Living with pets at home 1.35 0.88, 2.07 0.17
Use of face masks, last 4-21 
days
   “Never”
   “Sometimes”
   “Most times” or “Always”

reference
1.15
1.11

0.50, 2.61
0.45, 2.72

0.74
0.82

Handwashing frequency, last 
4-21 days
   <2 times/day
   2-4 times/day
   5-10 times/day
   >10 times/day

reference
1.36
1.08
1.50

0.65, 2.81
0.59, 1.95
0.81, 2.77

0.41
0.80
0.20

Exercise frequency, last 4-21 
days
   <1 time/month
   <1 time/week
   ~weekly
   2-4 days/week
   >4 days/week

reference
2.21
1.25
1.18
0.91

1.31, 3.76
0.76, 2.04
0.73, 1.92
0.51, 1.64

0.003
0.38
0.50
0.76

Number of contacts (per 10), 
last 4-21 days

1.17 1.09, 1.26 <0.001

Number of events with 10 or 
more people (per 10), last 4-21 
days

1.04 1.03, 1.05 <0.001

Number of gym visits (per 10), 
last 4-21 days

0.59 0.15, 2.35 0.45

Number of visits to movie 
theaters (per 10), last 4-21 
days

2.17 1.10, 4.27 0.025

Number of visits to 
restaurants (per 10), last 4-21 
days

2.06 1.57, 2.70 <0.001

453 Table 2. Minimally adjusted odds of incident SARS-CoV-2 infection. Models were adjusted for 
454 age, sex, race/ethnicity, and calendar date.
455 * overall heterogeneity
456 † heterogeneity of non-reference levels
457 # linear trend
458
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SUPPLEMENT 1 

Contents page 2 
Supplementary Appendix. 1  3 
Table 1. Backward stepwise logistic model for incident infection clustered on participants 1-2 4 
Table 2. Backward stepwise logistic model for incident infection clustered on FIPS codes 2-3 5 
Table 3. Backward stepwise logistic model for incident infection clustered on zip codes 3 6 
 7 
 8 

Supplementary Appendix 9 

 Participants of the Covid-19 Citizen Science Study who reported a positive polymerase 10 

chain reaction (PCR), antigen, or antibody test prior to enrollment in the study or during their 11 

time in the study were called by clinical research coordinators to verify their results and request 12 

test documentation to be sent to the study coordinators. In a similar manner to participation in the 13 

study, submission of test documentation was entirely voluntary. Thus far, 200 participants who 14 

reported prevalent or incident SARS-CoV-2 infections have been called to verify their self-15 

reported results. Of the 93 participants who were reached, 83 verbalized that they would send in 16 

their test results, and we have thus far received 52 pieces of documentation to verify self-17 

reported SARS-CoV-2 results. Of the 52 pieces of documentation received, all 52 were either 18 

laboratory test results or mandated reporting letters from hospitals/clinics notifying the 19 

participant of their PCR or antigen-confirmed SARS-CoV-2 infection. 20 

 21 

Supplementary Tables 22 

 Odds Ratio 95% CI p-value Group p-
value 

Age (years) 0.98 0.97, 1.00 0.014  
Female Biological Sex 0.95 0.59, 1.54 0.84  
Race/Ethnicity     
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   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

reference 
2.96 
1.19 
1.69 

 
0.71, 12.29 
0.53, 2.65 
0.53, 5.40 

 
0.13 
0.67 
0.38 

0.40* 
0.52† 

MacArthur Subjective Social 
Status Ladder 

0.92 0.82, 1.04 0.19  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.93, 1.00 0.07  

Number of contacts (per 10), 
last 4-21 days 

1.11 1.02, 1.21 0.012  

Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.26 1.07, 1.48 0.006  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

2.00 0.97, 4.11 0.06  

Number of visits to restaurants 
(per 10), last 4-21 days 

1.85 1.37, 2.49 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.017  

Supplementary Table 1. Backward stepwise logistic model for incident SARS-CoV-2 infection 23 
using retention criterion of p<0.1 with standard errors clustered on participants. 24 
* overall heterogeneity 25 
† heterogeneity of non-reference levels 26 
# linear trend 27 
 28 
 29 
 Odds Ratio 95% CI p-value Group p-

value 
Age (years) 0.98 0.96, 0.99 0.008  
Female Biological Sex 0.81 0.49, 1.34 0.42  
Race/Ethnicity 
   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

 
reference 
3.00 
1.35 
1.19 

 
 
0.72, 12.53 
0.64, 2.86 
0.28, 4.97 

 
 
0.13 
0.43 
0.81 

 
0.43* 
0.56† 

MacArthur Subjective Social 
Status Ladder 

0.93 0.82, 1.05 0.24  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.94, 1.00 0.06  

Number of contacts (per 10), 
last 4-21 days 

1.10 1.00, 1.21 0.04  
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Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.29 1.09, 1.53 0.003  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

1.99 0.97, 4.08 0.059  

Number of visits to restaurants 
(per 10), last 4-21 days 

2.31 1.46, 3.63 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.008  

Supplementary Table 2. Backward stepwise logistic model for incident SARS-CoV-2 infection 30 
using retention criterion of p<0.1 with standard errors clustered on FIPS county-level codes 31 
(using US participants only). 32 
* overall heterogeneity 33 
† heterogeneity of non-reference levels 34 
# linear trend 35 
 36 
 37 
 Odds Ratio 95% CI p-value Group p-

value 
Age (years) 0.98 0.97, 0.99 0.007  
Female Biological Sex 0.88 0.55, 1.42 0.60  
Race/Ethnicity 
   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

 
reference 
2.91 
1.23 
1.74 
 

 
 
0.70, 12.09 
0.55, 2.75 
0.54, 5.57 

 
 
0.14 
0.62 
0.35 

 
0.39* 
0.55† 

MacArthur Subjective Social 
Status Ladder 

0.92 0.81, 1.04 0.17  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.93, 1.00 0.07  

Number of contacts (per 10), 
last 4-21 days 

1.12 1.03, 1.21 0.008  

Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.29 1.09, 1.52 0.003  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

1.98 0.95, 4.09 0.07  

Number of visits to restaurants 
(per 10), last 4-21 days 

1.83 1.36, 2.47 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.015  
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Supplementary Table 3. Backward stepwise logistic model for incident SARS-CoV-2 infection 38 
using retention criterion of p<0.1 with standard errors clustered on zip codes (using US 39 
participants only). 40 
* overall heterogeneity 41 
† heterogeneity of non-reference levels 42 
# linear trend 43 
 44 
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Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5-6

Objectives 3 State specific objectives, including any prespecified hypotheses 6

Methods
Study design 4 Present key elements of study design early in the paper 6-8

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

6-8

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
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8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
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7-8

Bias 9 Describe any efforts to address potential sources of bias 6-7

Study size 10 Explain how the study size was arrived at 6-7
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describe which groupings were chosen and why
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(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12
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Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

9-10

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

9-10

(b) Indicate number of participants with missing data for each variable of interest

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15* Report numbers of outcome events or summary measures over time 9-10
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included
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(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period
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10

Discussion
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11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

14

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-
14

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

20

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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2

25 ABSTRACT

26 Objective: Until effective treatments and vaccines are made readily and widely available, 

27 preventative behavioral health measures will be central to the SARS-CoV-2 public health 

28 response. While current recommendations are grounded in general infectious disease prevention 

29 practices, it is still not entirely understood which particular behaviors or exposures meaningfully 

30 affect one’s own risk of incident SARS-CoV-2 infection. Our objective is to identify individual-

31 level factors associated with one’s personal risk for contracting SARS-CoV-2.

32 Design: Prospective cohort study of adult participants from March 26, 2020 to October 8, 2020.

33 Setting: The Covid-19 Citizen Science Study, an international, community and mobile-based 

34 study collecting daily, weekly, and monthly surveys in a prospective and time-updated manner.

35 Participants: All adult participants over the age of 18 years were eligible for enrollment.

36 Primary Outcome Measure: The primary outcome was incident SARS-CoV-2 infection 

37 confirmed via polymerase chain reaction or antigen testing.

38 Results: 28,575 unique participants contributed 2,479,149 participant-days of data across 99 

39 different countries. Of these participants without a history of SARS-CoV-2 infection at time of 

40 enrollment, 112 developed an incident infection. Pooled logistic regression models showed that 

41 increased age was associated with lower risk (OR 0.98 per year, 95% CI 0.97-1.00, p=0.019), 

42 whereas increased number of non-household contacts (OR 1.10 per 10 contacts, 95% CI 1.01-

43 1.20, p=0.024), attending events of at least 10 people (OR 1.26 per 10 events, 95% CI 1.07-1.50, 

44 p=0.007), and restaurant visits (OR 1.95 per 10 visits, 95% CI 1.42-2.68, p<0.001) were 

45 associated with significantly higher risk of incident SARS-CoV-2 infection.
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46 Conclusions: Our study identified 3 modifiable health behaviors, including the number of non-

47 household contacts, attending large gatherings, and restaurant visits that may meaningfully 

48 influence individual-level risk of contracting SARS-CoV-2.

49
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50 Strengths and limitations of this study

51  This large international cohort study with 2.4 million participant-days of data from 

52 participants in 99 different countries provides unprecedented geographical diversity for a 

53 study analyzing individual-level factors associated with SARS-CoV-2 risk.

54  All participants included in this study were free of SARS-CoV-2 infection early in the 

55 pandemic, allowing for the real-time ascertainment of significant individual-level 

56 behaviors and exposures related to higher risk of incident infection.

57  Using polymerase chain reaction or antigen testing as the gold standard for SARS-CoV-2 

58 infections relied on a participant’s development of symptoms, index of suspicion, and 

59 access to testing facilities, but ensured our study identified risk factors associated with 

60 true infection and increased specificity over traditional methods of symptom reporting.

61
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62 INTRODUCTION

63 The novel coronavirus (SARS-CoV-2) global pandemic has created a major public health 

64 crisis for nearly every country and community in the world. Responses to mitigate transmission 

65 have varied by government, but have generally been grounded in known respiratory virus disease 

66 prevention practices. Current strategies have included a combination of social distancing, 

67 limitations to travel and public gatherings, increased handwashing practices, and the use of face 

68 masks. While these interventions are believed to reduce human-to-human transmission, efforts to 

69 study these interventions have been limited as they rely on individual-level behaviors that are 

70 dynamic with policy changes and can be difficult to capture at scale. Furthermore, the 

71 politicization of social distancing recommendations1–3 makes it difficult to fully understand 

72 levels of compliance at the individual-level, and calls for a larger evidence base for 

73 recommendations like hand washing, face mask wearing, and limiting human contact, large 

74 social gatherings, and visits to restaurants. Identifying predictors of infection requires a 

75 longitudinal cohort study. The information gleaned from the longitudinal characterization of 

76 SARS-CoV-2 infection risk factors may be crucial to understanding which strategies are most 

77 effective and can further inform public policy. Moreover, such data may help elucidate the 

78 individual behaviors directly under one’s control to influence one’s personal risk of contracting 

79 SARS-CoV-2.

80 While previous prospective studies have focused primarily on symptom detection and the 

81 constellation of symptoms associated with SARS-CoV-2 infection,4–7 mobile technology 

82 provides an opportunity to study the effects of various exposures and behaviors that can be 

83 ascertained prospectively, repeatedly, and in nearly real-time. The majority of previous research 

84 regarding SARS-CoV-2 has focused on hospitalized individuals, primarily those who already 
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85 have the disease, and predictors of disease severity as opposed to those pertinent to developing 

86 infection. This is not surprising as accumulating sufficient numbers to characterize non-infected 

87 individuals at baseline and then follow them over time is generally time-consuming and would 

88 require enrollment of particularly large numbers to derive useful results. While systematic 

89 reviews and meta-analyses of previous studies have investigated the efficacy of behavioral 

90 interventions,8,9 we are not aware of a longitudinal cohort study in which risk factors have been 

91 characterized in detail prior to infection and exposures and behaviors tracked as individuals 

92 contracted (or did not contract) SARS-CoV-2 in the community.

93 Given the widespread use of smartphones and associated mobile apps, the technology is 

94 now available to regularly query large populations to assess patterns in SARS-CoV-2 infection 

95 rates based on individual-level exposures and behaviors. We have previously demonstrated the 

96 utility of this technology in characterizing ambulatory cardiovascular risk factors.10–14 In this 

97 study, we sought to use prospectively-collected information from the Covid-19 Citizen Science 

98 Study to identify individual characteristics, exposures, or behaviors associated with an increased 

99 risk of contracting SARS-CoV-2.

100

101 METHODS

102 Study Design

103 The Covid-19 Citizen Science Study is a mobile application that enables the longitudinal 

104 and time-updated collection of health survey and location data from thousands of global 

105 participants. The application was developed by a team of investigators at the University of 

106 California, San Francisco (UCSF) using the Eureka Digital Research Platform. Enrollment began 

107 March 26, 2020 and is ongoing (https://covid19.eurekaplatform.org/). The current analysis 
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108 included participant information collected until October 8, 2020. Enrollment is available to all 

109 adults over the age of 18 years and has been facilitated by press releases, social media, and word-

110 of-mouth. 

111

112 Ethics Approval

113 Informed electronic consent was obtained remotely using the mobile application at time 

114 of study enrollment. The study was approved by the University of California, San Francisco 

115 Institutional Review Board (#17-21879).

116

117 Data Collection

118 Surveys collected information about demographics, medical comorbidities, SARS-CoV-2 

119 infection status, daily behaviors, environmental or social exposures, and symptoms. Surveys 

120 were written in English and met the Flesch-Kincaid criteria for 8th grade reading level 

121 (https://readabilityformulas.com). Participants received a baseline survey at time of enrollment 

122 ascertaining general demographic information such as age, race/ethnicity, sex, education level, 

123 MacArthur subjective social status, occupation, smoking patterns, the presence of children or 

124 pets at home, and preexisting medical comorbidities. After completing the baseline survey, 

125 participants then received: daily surveys that inquired about current symptoms, household 

126 contacts, and non-household contacts; weekly surveys that assessed changes to individual-level 

127 behaviors such as sleep, exercise, social distancing efforts, hand hygiene, and use of face masks 

128 while out in public; and monthly surveys that collected information regarding employment, 

129 mood, and alcohol consumption (Supplementary Appendix 1).
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130 The MacArthur subjective social status ladder was used as a previously validated single-

131 item question to capture socioeconomic status of study participants, with higher point ratings 

132 indicating higher subjective social status.15,16 Occupation was dichotomized based on working in 

133 healthcare or not. Exercise was defined as self-reported physical activity lasting for at least 20 

134 minutes and resulted in heavy breathing or “break[ing] a sweat,” and was categorized into 

135 never/rarely, <1 time/month, <1 time/week, approximately weekly, 2-4 days/week, and >4 

136 days/week. Alcohol use was categorized into none, >0 to 7 standard drinks per week, >7 to 14 

137 standard drinks per week, and >14 standard drinks per week. Smoking activity was differentiated 

138 by use of cigarettes, e-cigarettes, or marijuana, and then dichotomized by any use in the last 30 

139 days or not. Daily contacts were defined as any non-household individual with which the 

140 participant was within 6 feet of during the course of the day.

141 Participants were queried regarding polymerase chain reaction (PCR) or antigen testing at 

142 baseline and during the weekly survey. Using triggered logic, related questions distinguished 

143 between evidence of active infection with the PCR test from other tests, such as antibody tests 

144 (the latter were not considered sufficient to constitute incident infection). All participants who 

145 reported a positive PCR or antibody test for SARS-CoV-2 prior to enrolling in the study were 

146 excluded from this analysis. Self-reported positive PCR tests for SARS-CoV-2 were validated by 

147 contacting a sample of participants and obtaining documentation of test results (Supplementary 

148 Appendix 2).

149

150 Patient and Public Involvement

151 The Covid-19 Citizen Science Study, which remains open to any interested adult with a 

152 smartphone, was designed to answer questions most relevant to patients and the lay public, with 
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153 an emphasis on identifying clinically relevant behaviors and exposures that can be modified or 

154 influenced by any individual. The study was launched using the NIH-supported Eureka Digital 

155 Research Platform, which was heavily influenced by prior work designing and implementing the 

156 Health eHeart Study17—from the beginning, these studies have included patients as key 

157 stakeholders, such as the Patient Centered Outcome Research Institute-supported Health eHeart 

158 Alliance,18 to assure that the user experience was relatable and understandable to interested 

159 participants around the world. Modifications of questions and the basic content of some research 

160 questions was derived from participant feedback received ad hoc and as a result of campaigns to 

161 solicit novel research questions from participants for incorporation into the study.  All 

162 participants in the Covid-19 Citizen Science Study are encouraged to help with recruitment, with 

163 regular reminders via text messages, push notifications and newsletters to share the link and/ or 

164 “text back” with friends and family members. Results are disseminated back to Covid-19 Citizen 

165 Scientists in the form of data visualizations and text shared via newsletters, the study website, 

166 and links sent via text message or app-based push notification.  

167

168 Statistical Analyses

169 Baseline continuous variables are presented using means and standard deviations (SD) or 

170 medians and interquartile ranges (IQR), while categorical variables are presented as frequencies 

171 (percentages), and compared between participants who reported incident infection and those 

172 remaining infection-free using t-tests for continuous variables and chi-squared tests for 

173 categorical variables. Pooled logistic regression models for repeated SARS-CoV-2 test results 

174 self-reported on the weekly surveys were used to identify factors, obtained from the baseline and 

175 earlier weekly and daily surveys, associated with incident infection. We considered 
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176 demographics; preexisting medical conditions; behavioral contributors such as mask wearing, 

177 hand hygiene, and social distancing efforts; and individual exposures such as number of non-

178 household contacts, large gatherings, and visits to gyms, restaurants, and movie theaters. 

179 Exposures from earlier weekly and daily surveys were averaged over measurements obtained 4-

180 21 days prior to the weekly survey providing the SARS-CoV-2 test result. All variables 

181 associated with SARS-CoV-2 infection with p-values <0.1 in the pooled logistic regression 

182 models adjusting for only a 3-knot restricted cubic spline in calendar date were included in a 

183 fully adjusted pooled logistic regression model. In a sensitivity analysis, backward deletion was 

184 used to select a more parsimonious pooled logistic regression model retaining covariates with p-

185 values <0.05. These models all used robust standard errors to account for clustering of the 

186 repeated weekly SARS-CoV-2 test results by participant. Additionally, recognizing the 

187 importance of geographic location, sensitivity analyses restricted to US participants were 

188 performed accounting for clustering by county-based Federal Information Processing System 

189 (FIPS) and zip codes. All analyses used complete case data. Two-tailed p-values <0.05 were 

190 considered statistically significant. All statistical analyses were performed using Stata, version 

191 16 (College Station, TX).

192

193 RESULTS

194 After excluding 628 participants with prevalent SARS-CoV-2 infection, 28,575 

195 individuals without a history of SARS-CoV-2 infection at baseline contributed 2,479,149 

196 participant-days of data to the Covid-19 Citizen Science Study across 99 different countries, 

197 including all 50 states in the United States (Figure 1). The mean proportion of participants who 

198 completed at least one health survey during a study week was 88.6% ± 5.0% and the mean 
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199 proportion of participants who completed at least one health survey during a study month was 

200 98.1% ± 1.6% (Supplementary Tables 1 and 2). Of the total study population, 112 participants 

201 (0.4%) developed a SARS-CoV-2 infection during the study period. Differences in participant 

202 demographics, baseline comorbidities, behaviors and exposures between participants who 

203 became infected during the study period versus those that did not are displayed in Table 1.

204 After adjusting only for age, sex, race/ethnicity, and calendar date: older age, higher 

205 education level, higher subjective social status, and increased alcohol use were associated with 

206 lower risk, while working in healthcare, a history of human immunodeficiency virus (HIV), e-

207 cigarette use, less exercise frequency, increased number of recent contacts, attending gatherings 

208 with at least 10 people, and visiting movie theaters and restaurants were each associated with a 

209 higher risk of incident SARS-CoV-2 infection (Table 2). Importantly, pertinent factors that 

210 failed to exhibit statistically significant relationships included common medical comorbidities 

211 like hypertension, diabetes, coronary artery disease, congestive heart failure, atrial fibrillation, 

212 asthma, or chronic obstructive pulmonary disease, as well as hand washing practices and mask 

213 wearing frequency. Pooled logistic regression models that incorporated all eligible predictors 

214 showed that increased age was associated with lower risk of developing a SARS-CoV-2 

215 infection, whereas increased number of contacts, attending events of at least 10 people, and visits 

216 to restaurants were associated with significantly higher risk of later testing positive for SARS-

217 CoV-2 (Figure 2). Backward stepwise deletion did not change any of the statically significant 

218 relationships (Supplementary Table 3). Similarly, the sensitivity analysis using county-based 

219 FIPS and zip codes as random effects in US-based data did not meaningfully change the results 

220 (Supplementary Tables 4 and 5).

221
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222 DISCUSSION

223 Among an international cohort free of SARS-CoV-2 at baseline and tracked 

224 longitudinally, prospectively, and in a time-updated manner, increased number of daily non-

225 household contacts within 6 feet, events of 10 or more individuals, and restaurant visits each 

226 independently predicted a higher risk of developing a SARS-CoV-2. Increased age was 

227 associated with a lower risk of subsequently developing a SARS-CoV-2 infection.

228 As of March 22, 2021, there were over 123 million confirmed cases of SARS-CoV-2 and 

229 over 2.7 million SARS-CoV-2-related deaths worldwide.19 The pandemic has been exacerbated 

230 by a recent resurgence of a “second wave” of SARS-CoV-2 cases and confirmation of new 

231 strains with potentially increased transmissibility. The pandemic has spurred international efforts 

232 to improve testing capabilities,20 identify therapies to treat the novel coronavirus,21 and develop 

233 vaccines designed to prevent it.22,23 Even as vaccines from biopharmaceutical companies like 

234 Pfizer and Moderna are being delivered, distribution to members of the public has been slow in 

235 nearly every country and community, with only countries like Israel, the United Arab Emirates, 

236 Chile, and the United Kingdom managing to administer at least 40 vaccine doses per 100 

237 people.24 Until and if production, distribution, administration, and acceptability of approved 

238 vaccines can satisfy the overwhelming need throughout the international community, the 

239 identification of preventative health behaviors under an individual’s control is crucial to the 

240 SARS-CoV-2 public health response.

241 The Covid-19 Citizen Science Study launched on March 26, 2020 and has been ongoing 

242 while recommendations to limit disease transmission continue to evolve at variable rates across 

243 the globe. The study has been prospectively collecting data through the initial shelter-in-place 

244 recommendations in early 2020 and continues to capture changes in behavioral health patterns as 
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245 the second spike of SARS-CoV-2 infections surmounts. Our study observed an increased 

246 association of SARS-CoV-2 infection in individuals who reported higher numbers of recent 

247 contacts. In a similar vein, increased attendance of events of 10 or more people and restaurant 

248 visits were associated with increased odds for developing SARS-CoV-2. Given our general 

249 understanding of disease transmission for respiratory viruses and recent research characterizing 

250 the asymptomatic transmission of SARS-CoV-2,25,26 these findings are bolstered by biologic 

251 plausibility. They add to previous research supporting the use of government mandated physical 

252 distancing policies to reduce SARS-CoV-2 incidence27,28 and suggest that behaviors to minimize 

253 human-to-human interaction could be effective means to lower one’s individual risk of 

254 contracting SARS-CoV-2. To our knowledge, this is the first longitudinal cohort to determine 

255 that such behaviors among individuals prior to infection actually influence risk. 

256 While the lower risk among older individuals may at first glance appear counter-intuitive, 

257 this may be consistent with similar protective behaviors and compliance with social distancing 

258 behaviors, especially given data reporting high incidence of SARS-CoV-2 in nursing homes29 as 

259 well as disproportionately higher rates of hospitalization and death in older populations infected 

260 with SARS-CoV-2.30,31 If such phenomena were operative, the fact that we were unable to detect 

261 differences in such behaviors (such as significant relationships between hand hygiene or mask-

262 wearing) may be due to collinearity with age and/or suboptimal ascertainment of the actual 

263 protective approaches utilized by older individuals. Also contrary to most reports, medical 

264 comorbidities thought to increase one’s risk of morbidity and mortality from SARS-CoV-232,33 

265 such as hypertension, diabetes, congestive heart failure, chronic obstructive pulmonary disease, 

266 cancer, and history of prior myocardial infarctions were not retained predictors in our 
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267 multivariate models, suggesting that prior comorbidities may affect one’s response to SARS-

268 CoV-2, but may not play a large role in an individual’s risk of contracting SARS-CoV-2.

269 While previous studies have observed benefits in universal masking at the community 

270 level,34,35 our study did not reveal a clear association between an individual’s mask wearing 

271 behavior and their risk for SARS-CoV-2 infection. Similarly, self-reported frequency of 

272 handwashing did not seem to consistently correlate with SARS-CoV-2 incidence as well. Simple 

273 frequencies of mask wearing and hand washing behaviors may be too confounded or measured 

274 too imprecisely to observe a consistent trend in our data. Additionally, the higher prevalence of 

275 healthcare workers in the study population may have resulted in participants having higher rates 

276 of mask wearing and hand washing, but also higher risk for infection, thereby degrading any 

277 associations between predictor and outcome. As such, these negative results should be 

278 interpreted cautiously in the context of the study design and insufficient power may render 

279 negative results (or lack of associations) less informative than the statistically significant 

280 relationships (positive results) that have been observed thus far (even if in the absence of a 

281 longitudinal cohort with time-updated assessments as described here).

282 Our study has a number of important limitations to note. While focusing on individual-

283 level behaviors mitigated issues involving compliance compared to studies examining state or 

284 country-level government mandates, self-report is still a subjective process and still prone to bias 

285 based on differing definitions of qualitative words (i.e. “sometimes” versus “most times”). 

286 However, health survey data were ascertained prospectively and time-updated daily and weekly 

287 to minimize recall bias, and self-report remains likely the most effective method to ascertain 

288 individual-level behaviors. As the study required smartphone ownership and use, it is possible 

289 that the Covid-19 Citizen Science Study participants represent a more affluent and more 
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290 technologically savvy population compared to the general population. Though this would limit 

291 generalizability instead of internal validity, our diverse recruitment methods were meant to 

292 mitigate risks of sampling bias. The distribution of study participants throughout nearly 100 

293 different countries and every state in the US provides fairly unprecedented geographical diversity 

294 for a study that also ascertains participant-reported behaviors. There are an innumerable number 

295 of behaviors that could have been asked on surveys; we limited our questioning to behaviors 

296 previously identified by national and international health organizations and/or those with some 

297 biological plausibility as effective means of prevention, such as social distancing, handwashing, 

298 and the use of face masks. While PCR testing for SARS-CoV-2 relies on a participant’s 

299 development of symptoms, index of suspicion, and available access to a testing facility, all 

300 factors that may have led to underreporting of all SARS-CoV-2 infections in the study 

301 population, the use of these tests to identify SARS-CoV-2 infections ensured that our analyses 

302 identified risk factors associated with true infection and increased specificity over traditional 

303 methods of symptom reporting. Because identification of predictors was determined by testing 

304 for statistical significance, we acknowledge that the effect sizes for some of the identified 

305 covariates may be small and of questionable clinical relevance. However, this approach enabled 

306 us to be as inclusive as possible without constraining potentially relevant predictors based on 

307 preconceived assumptions. Finally, all data in the Covid-19 Citizen Science Study were collected 

308 prospectively as an observational study. While this allows for diverse and rapid sampling of a 

309 large population to inform global efforts combating the SARS-CoV-2 pandemic, it remains 

310 prone to residual and unmeasured confounding.

311 In conclusion, the Covid-19 Citizen Science Study, in its prospective and time-updated 

312 collection of health data, has identified readily modifiable behaviors that may increase one’s 
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313 individual risk for contracting SARS-CoV-2. Increased number of contacts within 6 feet, events 

314 of 10 or more people, and visits to restaurants each independently predicted higher risk of 

315 contracting SARS-CoV-2 during the pandemic, while one’s demographics, prior medical 

316 comorbidities, and adherence to hand washing and face mask wearing were not significant 

317 predictors for SARS-CoV-2. During a resurgence of SARS-CoV-2 and continued strain on local 

318 governments to balance transmission risk with restrictions on daily life, our study provides 

319 community leaders and members of the public with at least 3 modifiable health behaviors within 

320 an individual’s control that may lower one’s personal risk of contracting SARS-CoV-2 during 

321 this pandemic.

322

323
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449 FIGURE LEGENDS

450

451 Figure 1. Location of all study participants. The blue shading represents the number of 

452 participant-days by county within the US and by nation in the world. The red shading illustrates 

453 all participants infected by SARS-CoV-2 during the study period.

454

455 Figure 2. Forest plot of all eligible predictors in pooled logistic regression models. Higher scores 

456 in the MacArthur Subjective Social Status reflect participants with self-reported higher 

457 socioeconomic standing. Large gatherings defined as any gatherings in which 10 or more people 

458 were present. The reference group for predictors marked with an asterisk (*) were compared to 

459 non-Hispanic whites.

460
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Participants with 
Incident SARS-CoV-
2 (n=112)

Participants without 
Incident SARS-CoV-2 
(n=28,463)

p-value

Age, median (IQR) 46.0 (37.0-55.5) 44.0 (36.0-55.0) 0.84
Age Category, n (%)
   18-29
   30-39
   40-49
   50-59
   60+

12 (10.7)
26 (23.2)
31 (27.7)
27 (24.1)
16 (14.3)

2,594 (9.2)
7,832 (27.7)
7,121 (25.2)
6,041 (21.3)
4,711 (16.6)

0.71

Female Biological Sex, n (%) 71 (65.1) 18,908 (67.7) 0.79
Race/Ethnicity, n (%)
   White
   Black
   Hispanic (any race)
   Asian or Pacific Islander
   Other (including
multiracial)

94 (86.2)
2 (1.8)
9 (8.3)
1 (0.9)
3 (2.8)

23,814 (85.2)
229 (0.8)
1,902 (6.8)
1,384 (5.0)
618 (2.2)

0.25

Highest Level of Education, 
median, n (%)
   Less than high school
   High school graduate
   Some college
   College graduate
   Post-graduate
   Other

1 (0.9)
8 (7.3)
24 (22.0)
40 (36.7)
33 (30.3)
3 (2.8)

101 (0.4
882 (3.2)
4,091 (14.7)
9,891 (35.4)
12,690 (45.5)
247 (0.9)

<0.001

MacArthur Subjective Social 
Status Ladder, mean (SD)

6.6 (1.5) 6.9 (1.6) 0.054

Working in healthcare, n (%) 31 (27.7) 5719 (20.1) 0.046
Medical Comorbidities, n (%)
   Atrial fibrillation
   Anemia
   Asthma
   Coronary artery disease
   Cancer
   Congestive heart failure
   COPD
   Diabetes
   Hypertension
   HIV
   Other immunodeficiency
   History of heart attack
   Sleep apnea
   History of stroke

2 (1.8)
8 (7.2)
9 (8.0)
2 (1.8)
5 (4.5)
1 (0.9)
2 (1.8)
8 (7.1)
31 (27.7)
3 (2.7)
4 (3.6)
2 (1.8)
13 (11.7)
2 (1.8)

835 (3.0)
2,957 (10.5)
2,815 (9.9)
693 (2.4)
908 (3.2)
174 (0.6)
444 (1.6)
1,163 (4.1)
5,675 (20.1)
108 (0.4)
542 (1.9)
283 (1.0)
3,019 (10.8)
355 (1.3)

0.47
0.26
0.50
0.65
0.45
0.71
0.84
0.11
0.045
<0.001
0.21
0.40
0.75
0.60

Alcohol use
   None 26 (24.8) 6,541 (25.7)

0.10
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   >0 to 7 drinks per week
   >7 to 14 drinks per week
   >14 drinks per week

60 (57.1)
18 (17.1)
1 (1.0)

13,362 (52.6)
3,764 (14.8)
1,743 (6.9)

Smoking
   Cigarette use in last 30 days
   E-cigarette use in last 30 days
   Marijuana use in last 30 days

8 (7.2)
5 (4.5)
10 (9.0)

1,421 (5.0)
723 (2.6)
2,650 (9.5)

0.29
0.19
0.87

Sleep duration, median (IQR) 7.0 (6.0-8.0) 7.0 (6.0-8.0)
Living with children at home, 
n (%)

34 (30.4) 8,926 (31.6) 0.78

Living with pets at home, n 
(%)

73 (65.8) 18,442 (64.9) 0.86

Use of face masks, n (%)
   “Never”
   “Sometimes”
   “Most times”
   “Always”

10 (9.3)
17 (15.7)
75 (69.4)
6 (5.6)

1,650 (6.0)
3,359 (12.2)
20,591 (74.8)
1,910 (6.9)

0.29

Handwashing frequency, n 
(%)
   <1 time/day
   ~1 time/day
   2-4 times/day
   5-10 times/day
   >10 times/day

0 (0)
1 (0.9)
16 (14.3)
47 (42.0)
48 (42.9)

55 (0.2)
341 (1.2)
4,699 (16.5)
13,866 (48.7)
9,502 (33.4)

0.32

Exercise frequency, n (%)
   Never/Rarely
   <1 time/month
   <1 time/week
   ~weekly
   2-4 days/week
   >4 days/week

5 (4.5)
16 (14.3)
23 (20.5)
12 (10.7)
30 (26.8)
23 (20.5)

1,591 (5.6)
2,369 (8.3)
3,678 (12.9)
3,668 (12.9)
8,956 (31.5)
8,107 (28.5)

<0.001

Number of contacts in the past 
24 hours, mean (SD)

3.8 (6.2) 3.1 (7.3) 0.36

Number of events with 10 or 
more people in the past week, 
mean (SD)

3.8 (14.0) 1.9 (9.8) 0.035

Number of gym visits in the 
past week, mean (SD)

0.4 (3.4) 0.9 (6.6) 0.50

Number of visits to movie 
theaters in the past week, 
mean (SD)

0.1 (0.9) 0.1 (1.6) 0.81

Number of visits to restaurants 
in the past week, mean (SD)

3.4 (9.3) 2.2 (7.7) 0.095

461 Table 1. Demographics, comorbidities, and behavioral risk factors of participants in the Covid-
462 19 Citizen Science Study assessed at time of enrollment, divided by participants who later tested 
463 positive for Covid-19 during the study period and participants who did not. COPD=chronic 
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464 obstructive pulmonary disease, HIV=human immunodeficiency virus, IQR=interquartile range, 
465 SD=standard deviation.
466
467
468

Odds 
Ratio

95% CI p-value Group p-
value

Age (years) 0.98 0.96, 0.99 <0.001
Female Biological Sex 0.94 0.63, 1.39 0.76
Race/Ethnicity
   White
   Black
   Hispanic (any race)
   Asian or Pacific Islander
   Other (including
multiracial)

reference
2.04
1.20
0.18
1.22

0.50, 8.27
0.61, 2.39
0.02, 1.26
0.39, 3.85

0.32
0.59
0.08
0.73

0.35*
0.24†

Highest Level of Education
   Less than high school
   High school graduate
   Some college
   College graduate
   Post-graduate
   Other

reference
0.91
0.51
0.34
0.20
1.02

0.11, 7.44
0.07, 3.87
0.05, 2.56
0.03, 1.51
0.10, 10.02

0.93
0.52
0.30
0.12
0.99

<0.001*
<0.001†
0.42#

MacArthur Subjective Social 
Status Ladder (per point on 
scale) 

0.87 0.79, 0.96 0.004

Working in healthcare 1.66 1.09, 2.50 0.017
Medical Comorbidities
   Atrial fibrillation
   Anemia
   Asthma
   Coronary artery disease
   Cancer
   Congestive heart failure
   COPD
   Diabetes
   Hypertension
   HIV
   Other immunodeficiency
   History of heart attack
   Sleep apnea
   History of stroke

0.38
0.65
0.78
0.46
0.96
0.99
0.84
1.37
1.13
5.31
1.57
1.16
0.91
1.00

0.09, 1.55
0.32, 1.34
0.40, 1.55
0.11, 1.89
0.39, 2.34
0.14, 7.09
0.21, 3.44
0.67, 2.83
0.75, 1.71
1.65, 17.12
0.58, 4.25
0.28, 4.73
0.51, 1.62
0.25, 4.08

0.18
0.24
0.48
0.28
0.92
0.99
0.81
0.39
0.56
0.005
0.37
0.84
0.74
1.00

Alcohol use
   None
   >0 to 7 drinks per week
   >7 to 14 drinks per week

reference
0.95
1.01

0.60, 1.51
0.55, 1.84

0.83
0.97

0.25*
0.13†
0.047#
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   >14 drinks per week 0.13 0.02, 0.95 0.044
Smoking
   Cigarette use in last 30 days
   E-cigarette use in last 30 days
   Marijuana use in last 30 days

1.91
2.98
1.03

0.94, 3.88
1.64, 5.41
0.56, 1.84

0.07
<0.001
0.93

Mean sleep duration (per hour 
of sleep)

1.13 0.86, 1.49 0.37

Living with children at home 1.23 0.89, 1.71 0.21
Living with pets at home 1.35 0.88, 2.07 0.17
Use of face masks, last 4-21 
days
   “Never”
   “Sometimes”
   “Most times” or “Always”

reference
1.15
1.11

0.50, 2.61
0.45, 2.72

0.74
0.82

Handwashing frequency, last 
4-21 days
   <2 times/day
   2-4 times/day
   5-10 times/day
   >10 times/day

reference
1.36
1.08
1.50

0.65, 2.81
0.59, 1.95
0.81, 2.77

0.41
0.80
0.20

Exercise frequency, last 4-21 
days
   <1 time/month
   <1 time/week
   ~weekly
   2-4 days/week
   >4 days/week

reference
2.21
1.25
1.18
0.91

1.31, 3.76
0.76, 2.04
0.73, 1.92
0.51, 1.64

0.003
0.38
0.50
0.76

Number of contacts (per 10), 
last 4-21 days

1.17 1.09, 1.26 <0.001

Number of events with 10 or 
more people (per 10), last 4-21 
days

1.04 1.03, 1.05 <0.001

Number of gym visits (per 10), 
last 4-21 days

0.59 0.15, 2.35 0.45

Number of visits to movie 
theaters (per 10), last 4-21 
days

2.17 1.10, 4.27 0.025

Number of visits to 
restaurants (per 10), last 4-21 
days

2.06 1.57, 2.70 <0.001

469 Table 2. Minimally adjusted odds of incident SARS-CoV-2 infection. Models were adjusted for 
470 age, sex, race/ethnicity, and calendar date.
471 * overall heterogeneity
472 † heterogeneity of non-reference levels
473 # linear trend
474
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Supplementary Appendix 1 11 

 All participants of the Covid-19 Citizen Science Study received health surveys through 12 

the mobile application regarding their demographics, medical comorbidities, SARS-CoV-2 13 

infection status, behaviors, and exposures. Baseline surveys were conducted once at time of 14 

study enrollment. After enrollment, the mobile application would prompt participants to answer 15 

daily, weekly, and monthly health surveys to assess individual behaviors and exposures, as well 16 

as inquire about SARS-CoV-2 infection status and associated symptoms. Details regarding the 17 

specific questions in the health surveys can be found below. 18 

  19 
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Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Sections

Your Medical Conditions
Baseline Data Collection

Have you ever been told by a doctor or nurse that you have, or have been
treated for, any of the following conditions (in the past or currently)? Tap next
to continue.

High blood pressure or hypertension (except that occurred during pregnancy
and did not last after pregnancy)?

Diabetes? Do not include pre-diabetes.

Coronary artery disease (blockages in your heart vessels) or angina (chest
pain)?

A heart attack (myocardial infarction)?
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Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Congestive Heart failure (CHF, Heart Failure)?

Stroke or TIA (Transient Ischemic Attack or Mini-Stroke)?

Atrial fibrillation (Afib, AF)?

Sleep apnea (obstructive sleep apnea, OSA)?

COPD (emphysema, chronic bronchitis, obstructive pulmonary disease)?

Asthma, to the point that you use inhalers daily or have been to the hospital
for your asthma?
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Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Don't know

Yes No

Cancer (including leukemia or lymphoma) undergoing active treatment?

Immunodeficiency (NOT including HIV)?

Chronic HIV infection?

Anemia or other blood disorder (do not include leukemia or lymphoma)?

Are you currently pregnant?
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Don't know
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Yes No

Don't know Refuse to answer

Yes No

Refuse to answer

Yes No

Don't know Refuse to answer

Sections

Your Smoking History
Baseline Data Collection
Have you ever smoked a cigarette, even one or two puffs?

Have you smoked cigarettes in the past 30 days?

About how many days have you smoked a cigarette in the past 30 days?

On average, how many cigarettes per day have you smoked in the past 30
days (use 1 if less than one)

 cigarettes per day

Have you ever smoked a cigar, cigarillo, or tobacco product other than
cigarette, even one or two puffs?

Have you smoked a cigar, cigarillo, or tobacco product other than a cigarette
in the past 30 days?
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Yes No

Don't know Refuse to answer

Yes No

Don't know Refuse to answer

Yes No

Don't know Refuse to answer

About how many days have you smoked a cigar, cigarillo, or tobacco product
other than cigarette in the past 30 days?

 days

On average, how many cigar, cigarillo, or tobacco product (other than
cigarettes) per day have you smoked in the past 30 days (use 1 if less than
one)?

Have you ever used an electronic nicotine product (e-cigarette, vape nicotine),
even one or two puffs?

Have you used an electronic nicotine product in the past 30 days?

About how many days did you use it in the past 30 days?

 days

How many puffs from an e-cigarette do you typically take over the past 30
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Yes No

Don't know Refuse to answer

Yes No

Don't know Refuse to answer

days?

How much did you spend on electronic delivery products in the past 30 days?

 Dollars

Have you smoked or vaped marijuana, even one or two puffs?

Have you smoked or vaped marijuana in the past 30 days?

How many days did you smoke or vape marijuana in the past 30 days?

 Days
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A scratchy throat A painful sore throat

A cough (worse than usual if
you have a baseline cough)

A runny nose

Symptoms of fever or chills

A temperature greater than
100.4 °F or 38.0 °C

Muscle aches (worse than usual
if you have baseline muscle
aches)

Nausea, vomiting or diarrhea Shortness of breath

Unable to taste or smell Red or painful eyes

None of the above

Yes No

Sections

Baseline Survey
Baseline Data Collection
In what country is your primary residence?

What is the ZIP code (if in the U.S.) or postal code of your primary residence?

Have you had any of the following symptoms since February 1, 2020 for more
than 3 days in a row? CHECK ALL THAT APPLY

Have you ever been tested for the novel coronavirus, the virus that causes
COVID-19 (either a test to detect the virus for active infection or the antibody
to detect past infection)?
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Other

Test for active infection (virus) Test for past infection (antibody to
the virus)

I had both kind of tests ,�GRQҋW�NQRZ

Yes No

A scratchy throat A painful sore throat

A cough (worse than usual if
you have a baseline cough)

A runny nose

Symptoms of fever or chills

Was it a test for active infection (virus) or past infection (antibody to the
virus)? (The test for active infection usually uses a swab or saliva; the test for
past infection usually uses blood.)

Do you think you previously experienced symptomatic infection due to
COVID-19?

When did your symptoms start?

What symptoms did you have? CHECK ALL THAT APPLY
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A temperature greater than
100.4 °F or 38.0 °C

Muscle aches (worse than usual
if you have baseline muscle
aches)

Nausea, vomiting or diarrhea Shortness of breath

Unable to taste or smell Red or painful eyes

Other

Yes No

Positive for the flu Negative for the flu

Other

If other, please explain.

During the illness that you believe was due to COVID-19, were you tested for
the flu?

What was the result?

Prior to the illness you believe was due to COVID-19, were you in physical
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Yes No

Other

Yes No

Other

Yes No

Other

Yes No

Other

I did receive a test, and it was
positive.

I did receive a COVID-19 test for
active infection, and it was negative.

I did receive a COVID-19 test for I was evaluated by a healthcare

contact with someone else that tested positive for the disease?

Prior to the illness you believe was due to COVID-19, were you in physical
contact with someone else with symptoms suggestive of COVID-19?

Prior to the illness you believe was due to COVID-19, had you traveled to a
region known to have a high prevalence of COVID-19?

During the illness you believe was due to COVID-19, did you seek to receive
a test for active COVID-19 infection?

What happened when you sought the coronavirus test?
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active infection, but do not know the
results.

provider, but they did not believe the
test was indicated.

I was evaluated by a healthcare
provider and they wanted to order a

test, but it was not available.

Other

Yes No

Yes No

Other

Do you continue to have symptoms due to the illness you believe to be due to
COVID-19?

On what date did you last experience symptoms?

Are there other reasons not covered by this survey that lead you to believe
you have been infected with the novel coronavirus?

Please explain.

About how many weeks ago was your test for active COVID-19 infection
(virus)? Put 0 if this week.

 weeks ago
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Yes, I was positive (the novel
coronavirus WAS detected)

Yes, I was negative (the novel
coronavirus was NOT detected)

Yes, the test was inconclusive No, not yet

Yes, I was positive (antibody to
COVID-19 WAS detected suggesting

past exposure)

Yes, I was negative (antibody to
COVID-19 was NOT detected
suggesting NO past exposure)

Yes, the test was inconclusive No, not yet

I had symptoms concerning for
COVID-19 infection (including
hospitalization for COVID-19)

I was exposed to someone with
suspected or confirmed COVID-
19

Prior to a medical procedure or
hospitalization that was
unrelated to COVID-19

It was offered through my
healthcare provider as part of
routine screening (not related to
symptoms or pregnancy)

About how many weeks ago was your test for past infection (antibody to the
COVID-19 virus)? Put 0 if this week.

 weeks ago

Do you know the result of your test for active COVID-19 infection (virus)?

Do you know the result of your test for past infection (antibody to the COVID-
19 virus)?

Why was the test for active COVID-19 infection (virus) performed? CHECK
ALL THAT APPLY
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It was part of screening for my
pregnancy

I am a healthcare worker and it
is offered or mandated by my
employer

As part of a research study It was required by my work

Part of a public health effort I obtained it on my own

Not sure or other

I had symptoms concerning for
COVID-19 infection (including
hospitalization for COVID-19)

I was exposed to someone with
suspected or confirmed COVID-
19

Prior to a medical procedure or
hospitalization that was
unrelated to COVID-19

It was offered through my
healthcare provider as part of
routine screening (not related to
symptoms or pregnancy)

It was part of screening for my
pregnancy

I am a healthcare worker and it
is offered or mandated by my
employer

Why was the test for past infection (antibody to the COVID-19 virus)
performed? CHECK ALL THAT APPLY
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As part of a research study It was required by my work

Part of a public health effort I obtained it on my own

Not sure or other

Healthcare Education

Retail Transportation

Arts, entertainment, and recreation Hospitality and food services

Finance and insurance Scientific and technical services

Utilities Construction

Manufacturing Other

Which of the following describes your primary area of employment?
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Yes No

Extremely worried Very worried

Somewhat worried A little worried

Not worried at all

School closures Restricted gatherings at (or
closed) bars, restaurants, and/
or theaters

Restricted gatherings of a
certain number of individuals

Recommended working from
home or not working

Shelter in place (required to stay
home except for essential
activities)

Other restrictions

I wash or sanitize my hands MUCH
MORE frequently than before

I wash or sanitize my hands
SOMEWHAT MORE frequently than

before

Are you aware of any novel coronavirus (the virus causing COVID-19) infected
individuals in your COUNTY (or local area equivalent if your area does not
have counties)?

How worried are you that the health of you or your loved ones will be affected
by the novel coronavirus (the virus causing COVID-19)?

Has your local government issued or continued any of the following
restrictions? CHECK ALL THAT APPLY

How have your hand hygiene practices (washing hands and/or using hand
sanitizer) changed since learning about the novel coronavirus (the virus
causing COVID-19)?
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I wash or sanitize my hands A
LITTLE MORE frequently than before

I have not made any changes

I wash or sanitize my hands A
LITTLE LESS frequently than before

I wash or sanitize my hands
SOMEWHAT LESS frequently than

before

I wash or sanitize my hands MUCH
LESS frequently than before

Yes No

Other

Yes No

Other

Yes No

Have you sanitized your mobile phone (such as by using sanitizing wipes or
hand sanitizer) since learning of the novel coronavirus (the virus causing
COVID-19)?

Do any school-aged (K-12 or equivalent) children live with you?

Do you have a college-aged child (under the age of 25) who usually does not
live in your home but who has returned home and is living in your house
because of the coronavirus pandemic?
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Yes No

Other

Yes No

Other

Dog(s) Cat(s)

What date did they return? (Your best guess is fine.)

 MM/DD/YYYY

What school were they attending?

 School

Where is the school located?

Do you live with or have continued regular in-person contact with an elderly
person (over 65 years of age) or someone susceptible to illness (being
immunocompromised or having a pre-existing medical condition)?

Do you have any pets at home?

What pets live with you (CHECK ALL THAT APPLY):
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Bird(s) Reptile(s)

Other

Yes No

Other

Yes No

None 1-3

4-6 More than 6

None 1-3

Did you have a flu shot (influenza vaccine) in the past year?

Have you had cold or flu symptoms (enough that you would say that you had
a cold or the flu) in the past year?

How many cold or flu illnesses in the past year were associated with a fever
(Temperature > 101.3 F or > 38.5 C)?

When was the last one?

 weeks ago

How many cold or flu illnesses in the past year were NOT associated with a
fever (Temperature > 101.3 F or > 38.5 C)?
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4-6 More than 6

Never or rarely Less than once a month

More than once a month but less
than once a week

About once a week

More than once a week but less
than 4 times a week

4 or more times a week Other

When was the last one?

 weeks ago

On average, how often have you exercised (enough to breathe heavily and/or
sweat) over the past year?

IN THE PAST WEEK: How many drinks of alcohol (one drink = one standard
glass of wine, can of beer, or shot of hard liquor) did you consume?

 drinks
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A scratchy throat A painful sore throat

A cough (worse than usual if
you have a baseline cough)

A runny nose

Symptoms of fever or chills

A temperature greater than
100.4 °F or 38.0 °C

Muscle aches (worse than usual
if you have baseline muscle
aches)

Nausea, vomiting or diarrhea Shortness of breath

Unable to taste or smell Red or painful eyes

None of the above

Sections

Daily COVID-19 Citizen Science
Survey
Daily Surveys
IN THE PAST 24 HOURS, approximately how many people outside of your
household did you interact with while they were within 6 feet? ("Interact" is
loosely defined as talking, touching, or just being within 6 ft of someone for
longer than 1 or 2 minutes).

 people

Approximately what percent of those people were wearing masks, or were
behind a shield?

 %

IN THE PAST 24 HOURS: have YOU had any of the following (CHECK ALL
THAT APPLY):
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Yes No

Yes No

Not sure

Did you seek medical care for these symptoms?

IN THE PAST 24 HOURS, has ANYONE (other than you) in your household
had ANY of those symptoms? (scratchy/sore throat, cough, runny nose,
fevers/chills/high temperature, muscle aches, nausea/vomiting/diarrhea,
shortness of breath, unable to taste or smell, red or painful eyes)
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Yes No

,�JRW�D�WHVW��EXW�GRQҋW�NQRZ�WKH
results

Test for active infection (virus) Test for past infection (antibody to
WKH�YLUXV�

,�KDG�ERWK�NLQG�RI�WHVWV ,�GRQҋW�NQRZ

<HV��,�ZDV�SRVLWLYH��WKH�QRYHO
coronavirus WAS detected)

<HV��,�ZDV�QHJDWLYH��WKH�QRYHO
FRURQDYLUXV�ZDV�127�GHWHFWHG�

<HV��WKH�WHVW�ZDV�LQFRQFOXVLYH No, not yet

<HV��,�ZDV�SRVLWLYH��DQWLERG\�WR <HV��,�ZDV�QHJDWLYH��DQWLERG\�WR

Sections

Weekly COVID-19 Citizen Science
Survey
Weekly Surveys
In the past week, have you received results of any tests that you had done for
the novel coronavirus, the virus that causes COVID-19 (either a test to detect
the virus for active infection or the antibody to detect past infection)?

Was it a test for active infection (virus) or past infection (antibody to the
virus)? (The test for active infection usually uses a swab or saliva; the test for
past infection usually uses blood.)

Do you know the result of your test for active COVID-19 infection (virus)?

Do you know the result of your test for past infection (antibody to the COVID-
19 virus)?
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&29,'����:$6�GHWHFWHG�
VXJJHVWLQJ�past exposure)

&29,'����ZDV�127�GHWHFWHG
VXJJHVWLQJ�12�SDVW�H[SRVXUH�

<HV��WKH�WHVW�ZDV�LQFRQFOXVLYH No, not yet

,�KDG�V\PSWRPV�FRQFHUQLQJ�IRU
&29,'����LQIHFWLRQ��LQFOXGLQJ
KRVSLWDOL]DWLRQ�IRU�&29,'����

,�ZDV�H[SRVHG�WR�VRPHRQH�ZLWK
VXVSHFWHG�RU�FRQILUPHG�&29,'�
��

3ULRU�WR�D�PHGLFDO�SURFHGXUH�RU
KRVSLWDOL]DWLRQ�WKDW�ZDV
XQUHODWHG�WR�&29,'���

,W�ZDV�RIIHUHG�WKURXJK�P\
KHDOWKFDUH�SURYLGHU�DV�SDUW�RI
routine screening (not related to
V\PSWRPV�RU�SUHJQDQF\�

,W�ZDV�SDUW�RI�VFUHHQLQJ�IRU�P\
pregnancy

,�DP�D�KHDOWKFDUH�ZRUNHU�DQG�LW
LV�RIIHUHG�RU�PDQGDWHG�E\�P\
HPSOR\HU

$V�SDUW�RI�D�UHVHDUFK�VWXG\ ,W�ZDV�UHTXLUHG�E\�P\�ZRUN

3DUW�RI�D�SXEOLF�KHDOWK�HIIRUW ,�REWDLQHG�LW�RQ�P\�RZQ

,�KDG�V\PSWRPV�FRQFHUQLQJ�IRU
&29,'����LQIHFWLRQ��LQFOXGLQJ
KRVSLWDOL]DWLRQ�IRU�&29,'����

,�ZDV�H[SRVHG�WR�VRPHRQH�ZLWK
VXVSHFWHG�RU�FRQILUPHG�&29,'�
��

3ULRU�WR�D�PHGLFDO�SURFHGXUH�RU ,W�ZDV�RIIHUHG�WKURXJK�P\

Why was the test for active COVID-19 infection (virus) performed? CHECK
ALL THAT APPLY

Why was the test for past infection (antibody to the COVID-19 virus)
performed? CHECK ALL THAT APPLY
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KRVSLWDOL]DWLRQ�WKDW�ZDV�
XQUHODWHG�WR�&29,'���

KHDOWKFDUH�SURYLGHU�DV�SDUW�RI�
routine screening (not related to�
V\PSWRPV�RU�SUHJQDQF\�

,W�ZDV�SDUW�RI�VFUHHQLQJ�IRU�P\
pregnancy

,�DP�D�KHDOWKFDUH�ZRUNHU�DQG�LW
LV�RIIHUHG�RU�PDQGDWHG�E\�P\
HPSOR\HU

$V�SDUW�RI�D�UHVHDUFK�VWXG\ ,W�ZDV�UHTXLUHG�E\�P\�ZRUN

3DUW�RI�D�SXEOLF�KHDOWK�HIIRUW ,�REWDLQHG�LW�RQ�P\�RZQ

([WUHPHO\�ZRUULHG 9HU\�ZRUULHG

6RPHZKDW�ZRUULHG $�OLWWOH�ZRUULHG

1RW�ZRUULHG�DW�DOO

0RUH�WKDQ����WLPHV�SHU�GD\ �����WLPHV�SHU�GD\

����WLPHV�SHU�GD\ About once per day

Over the past WEEK, how worried have you been that the health of you or
your loved ones will be affected by the novel coronavirus (the virus causing
COVID-19)?

Over the past WEEK, on average, how often have you washed or sanitized
your hands?
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/HVV�WKDQ�RQFH�SHU�GD\

Over the past WEEK, how many times have you visited a gym?

Over the past WEEK, how many times have you visited a restaurant (not for
takeout)?

Over the past WEEK, how many times have you visited a bar?

Over the past WEEK, how many times have you visited a movie theater?

Over the past WEEK, how many times have you visited a grocery store or
pharmacy?

Over the past WEEK, how many times have you visited an event with more
than 10 people?

Over the past WEEK, how many times have you exercised for more than 20
minutes (enough to breathe heavily and/or sweat)?

Over the past WEEK, has your local government issued or continued any of
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6KHOWHU�LQ�SODFH��UHTXLUHG�WR�VWD\
KRPH�H[FHSW�HVVHQWLDO�DFWLYLWLHV�

:HDULQJ�PDVNV�ZKHQ�RXW�LQ
public

2WKHU�UHVWULFWLRQV 1RQH�RI�WKH�DERYH

6FKRRO�FORVXUHV 5HVWULFWHG�JDWKHULQJV�DW��RU
closed) bars, restaurants, and/
RU�WKHDWHUV

5HVWULFWHG�JDWKHULQJV�of a
FHUWDLQ�QXPEHU�RI�LQGLYLGXDOV

5HFRPPHQGHG�ZRUNLQJ�IURP
KRPH�RU�QRW�ZRUNLQJ

Never 6RPHWLPHV

0RVW�RI�WKH�WLPH $OZD\V

,�GLG�QRW�JR�RXW�LQ�SXEOLF�WKLV�SDVW
ZHHN

the following restrictions? (CHECK ALL THAT APPLY)

Over the past WEEK, on average, how many hours did you sleep per night?
 hours per night

Over the past week, how often did you wear a mask (any kind of covering over
your mouth and nose) when you’re out in public?
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Working full time Working part-time

Unemployed, laid off, or looking for
work

In school (full- or part-time student)

Stay-at-home parent or keeping
household

Retired Disabled

Prefer not to state

100% of the time 75-99% of the time

50-74% of the time 25-49% of the time

1-24% of the time None

Yes, it has increased Yes it has declined

Sections

Monthly COVID-19 Citizen
Science Survey
Monthly Surveys

Please answer the following for the period of the past 30 days. Tap next to
continue.

What best describes your current main daily activities and/or responsibilities
over the past 30 days?

How much of your working time is currently performed at home?

Has your income changed in the past 30 days?
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No, it is about the same Prefer not to state

Yes No

Prefer not to state

Very hard Hard

Somewhat hard Not very hard

'RQҋW�NQRZ Prefer not to state

Frequently Occasionally

Hardly ever Never

'RQҋW�NQRZ Prefer not to state

In the past 30 days, by what percentage has your income increased?

 %

In the past 30 days, by what percentage has your income declined?

 %

In the past 30 days, have you been unemployed?

How hard is it for you (and your family) to pay for the very basics like food,
rent or mortgage, heating, etc over the past 30 days?

Did you have difficulty making ends meet over the past 30 days?
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IN THE PAST WEEK: How many drinks of alcohol (one drink = one standard
glass of wine, can of beer, or shot of hard liquor) did you consume?

 drinks
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Yes No

Yes No

Suspected COVID-19 infection Asthma

Chronic obstructive pulmonary Pneumonia

Sections

Hospitalization Survey
Monthly Surveys
Have you been hospitalized (had an overnight stay in a hospital) in the past
month or since the last time you answered?

How many days did you spend in the hospital over the past 30 days?

 days

Have you been to the emergency room or Urgent Care (when you were NOT
admitted to the hospital overnight) in the past 30 days or since the last time
you answered?

How many times did you go to the emergency room or Urgent Care (when
you were NOT admitted to the hospital overnight) in the past 30 days or since
the last time you answered?

When were you discharged from the hospital (if more than one time, use most
recent)?

 MM/DD/YYYY

What was the main reason for your most recent hospitalization (you can look
at the papers you received at discharge from the hospital)?
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disease

Common flu

Heart attack Arrhythmias

Other

Suspected COVID-19 infection Asthma

Chronic obstructive pulmonary
disease

Pneumonia

Common flu

Heart attack Arrhythmias

Other

Please specify the main reason for your hospitalization.

When did you most recently visit the emergency department or Urgent Care?

 MM/DD/YYYY

What was the main reason for your most recent emergency department or
Urgent Care visit (you can look at the papers you received at discharge from
the hospital)?
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Please specify the main reason for your most recent emergency department
or Urgent Care visit.
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Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Sections

Mood Survey
Monthly Surveys

Over the last 2 weeks, how often have you been bothered by any of the
following problems? Tap next to continue.

Little interest or pleasure in doing things.

Feeling down, depressed, or hopeless.

Trouble falling or staying asleep, or sleeping too much.

Feeling tired or having little energy.

Poor appetite or overeating.
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Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Feeling bad about yourself - or that you are a failure or have let yourself or
your family down.

Trouble concentrating on things, such as reading the newspaper or watching
television.

Moving or speaking so slowly that other people could have noticed. Or the
opposite - being so fidgety or restless that you have been moving around a lot
more than usual.
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Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

Sections

Anxiety Survey
Monthly Surveys
Becoming easily annoyed or irritable.

Over the last two weeks, how often have you been bothered by the following
problems? Tap next to continue.

Feeling nervous, anxious, or on edge.

Not being able to stop or control worrying.

Worrying too much about different things.

Trouble relaxing.
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More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Not at all Several days

More than half the days Nearly every day

Being so restless that it is hard to sit still.

Feeling afraid as if something awful might happen.
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 Participants of the Covid-19 Citizen Science Study who reported a positive polymerase 21 

chain reaction (PCR), antigen, or antibody test prior to enrollment in the study or during their 22 

time in the study were called by clinical research coordinators to verify their results and request 23 

test documentation to be sent to the study coordinators. In a similar manner to participation in the 24 

study, submission of test documentation was entirely voluntary. Thus far, 200 participants who 25 

reported prevalent or incident SARS-CoV-2 infections have been called to verify their self-26 

reported results. Of the 93 participants who were reached, 83 verbalized that they would send in 27 

their test results, and we have thus far received 52 pieces of documentation to verify self-28 

reported SARS-CoV-2 results. Of the 52 pieces of documentation received, all 52 were either 29 

laboratory test results or mandated reporting letters from hospitals/clinics notifying the 30 

participant of their PCR or antigen-confirmed SARS-CoV-2 infection. 31 

 32 

  33 
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Supplementary Tables 34 

Study Week Proportion of participants who 
completed at least one survey (%) 

1 100% 

2 97.3% 

3 94.9% 

4 92.5% 

5 91.8% 

6 88.8% 

7 88.8% 

8 88.8% 

9 86.4% 

10 84.7% 

11 83.1% 

12 82.1% 

13 83.3% 

14 83.1% 

15 82.8% 

16 82.3% 

17 88.7% 

18 86.7% 

19 86.8% 

20 86.2% 

21 85.9% 

22 88.1% 

23 88.8% 

24 88.4% 

25 89.2% 

26 90.2% 

27 93.0% 

28 100% 

Supplementary Table 1. Mean proportion of participants who completed at least one health 35 
survey each week. 36 
  37 
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Study Month Proportion of participants who 
completed at least one survey (%) 

1 100% 

2 98.2% 

3 95.6% 

4 96.9% 

5 97.4% 

6 98.5% 

7 100% 

Supplementary Table 2. Mean proportion of participants who completed at least one health 38 
survey each month. 39 
 40 
 41 
 Odds Ratio 95% CI p-value Group p-

value 
Age (years) 0.98 0.97, 1.00 0.014  
Female Biological Sex 0.95 0.59, 1.54 0.84  
Race/Ethnicity 
   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

 
reference 
2.96 
1.19 
1.69 

 
 
0.71, 12.29 
0.53, 2.65 
0.53, 5.40 

 
 
0.13 
0.67 
0.38 

 
0.40* 
0.52† 

MacArthur Subjective Social 
Status Ladder 

0.92 0.82, 1.04 0.19  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.93, 1.00 0.07  

Number of contacts (per 10), 
last 4-21 days 

1.11 1.02, 1.21 0.012  

Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.26 1.07, 1.48 0.006  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

2.00 0.97, 4.11 0.06  

Number of visits to restaurants 
(per 10), last 4-21 days 

1.85 1.37, 2.49 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.017  

Supplementary Table 3. Backward stepwise logistic model for incident SARS-CoV-2 infection 42 
using retention criterion of p<0.1 with standard errors clustered on participants. 43 
* overall heterogeneity 44 
† heterogeneity of non-reference levels 45 
# linear trend  46 
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 47 
 Odds Ratio 95% CI p-value Group p-

value 
Age (years) 0.98 0.96, 0.99 0.008  
Female Biological Sex 0.81 0.49, 1.34 0.42  
Race/Ethnicity 
   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

 
reference 
3.00 
1.35 
1.19 

 
 
0.72, 12.53 
0.64, 2.86 
0.28, 4.97 

 
 
0.13 
0.43 
0.81 

 
0.43* 
0.56† 

MacArthur Subjective Social 
Status Ladder 

0.93 0.82, 1.05 0.24  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.94, 1.00 0.06  

Number of contacts (per 10), 
last 4-21 days 

1.10 1.00, 1.21 0.04  

Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.29 1.09, 1.53 0.003  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

1.99 0.97, 4.08 0.059  

Number of visits to restaurants 
(per 10), last 4-21 days 

2.31 1.46, 3.63 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.008  

Supplementary Table 4. Backward stepwise logistic model for incident SARS-CoV-2 infection 48 
using retention criterion of p<0.1 with standard errors clustered on FIPS county-level codes 49 
(using US participants only). 50 
* overall heterogeneity 51 
† heterogeneity of non-reference levels 52 
# linear trend 53 
  54 
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 55 
 Odds Ratio 95% CI p-value Group p-

value 
Age (years) 0.98 0.97, 0.99 0.007  
Female Biological Sex 0.88 0.55, 1.42 0.60  
Race/Ethnicity 
   White 
   Black 
   Hispanic (any race) 
   Other (including 
multiracial) 

 
reference 
2.91 
1.23 
1.74 
 

 
 
0.70, 12.09 
0.55, 2.75 
0.54, 5.57 

 
 
0.14 
0.62 
0.35 

 
0.39* 
0.55† 

MacArthur Subjective Social 
Status Ladder 

0.92 0.81, 1.04 0.17  

Alcoholic drinks per week, last 
4-21 days 

0.97 0.93, 1.00 0.07  

Number of contacts (per 10), 
last 4-21 days 

1.12 1.03, 1.21 0.008  

Number of events with 10 or 
more people (per 10), last 4-21 
days 

1.29 1.09, 1.52 0.003  

Number of visits to movie 
theaters (per 10), last 4-21 
days 

1.98 0.95, 4.09 0.07  

Number of visits to restaurants 
(per 10), last 4-21 days 

1.83 1.36, 2.47 <0.001  

Weeks since study start 
(linear) 

1.04 1.01, 1.07 0.015  

Supplementary Table 5. Backward stepwise logistic model for incident SARS-CoV-2 infection 56 
using retention criterion of p<0.1 with standard errors clustered on zip codes (using US 57 
participants only). 58 
* overall heterogeneity 59 
† heterogeneity of non-reference levels 60 
# linear trend 61 
  62 
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1

STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5-6

Objectives 3 State specific objectives, including any prespecified hypotheses 6

Methods
Study design 4 Present key elements of study design early in the paper 6-8

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

6-8

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

7-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

7-8

Bias 9 Describe any efforts to address potential sources of bias 6-7

Study size 10 Explain how the study size was arrived at 6-7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

8-9

(a) Describe all statistical methods, including those used to control for 
confounding

8-9

(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12

(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

9-10

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

9-10

(b) Indicate number of participants with missing data for each variable of interest

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15* Report numbers of outcome events or summary measures over time 9-10
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2

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

9-10

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

10

Discussion
Key results 18 Summarise key results with reference to study objectives 10-

11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias

13-
14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

14

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-
14

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

20

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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